In this study, effects of NaCl concentrations (0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 M) and pH (3.0, 5.0, 7.0, and 8.0) on the physico-chemical and functional properties of potato protein concentrates extracted from potato fruit juice (PFJ) using ammonium sulfate precipitation (ASP) and isoelectric precipitation (IEP) were investigated. The total polyphenol content of potato protein concentrates extracted by IEP (IEPP) was 2.5 times of that of potato protein concentrates extracted by ASP (ASPP), which resulted in the color of IEPP darker than that of ASPP. More protein fractions (74, 62, and 35 kDa) were found in IEPP compared to ASPP. ASPP exhibited higher solubility than IEPP. The emulsifying properties of ASPP and IEPP increased along with the increasing NaCl concentration. ASPP and IEPP showed the lowest emulsifying properties and foaming ability at pH 5.0. While the foaming stability of ASPP and IEPP achieved the maximum and minimum at pH 5.0, respectively. Two endothermic peaks were observed in ASPP at pH 3.0, 8.0, and higher NaCl concentration (≥0.6 M), while more than two endothermic peaks were observed in IEPP at all NaCl concentrations (0.2-1.0 M) and pH values (3.0, 5.0, 7.0, and 8.0). The glutamic acid concentration of ASPP and aspartic acid concentration of IEPP were the highest, while histidine was the lowest according to the amino acid profile of both ASPP and IEPP. In terms of an essential amino acid index with respect to a reference protein of FAO/WHO, the nutritional values of IEPP were higher than those of ASPP.
Introduction
Plant proteins have high nutrition value and bioavailability with low fat and caloric content. Besides, plant proteins possess good functional activities such as antioxidant, antidiabetic, and antifat activities with low price. Due to the above reasons, there is an increasing demand for the use of plant proteins as an alternative to animal proteins. Potato proteins include three major classes: patatin (up to 40%), protease inhibitors (~50%), and other proteins (~10%) [1] . Compared to proteins from other vegetable and cereal sources, potato proteins are of great potential as food ingredients because of the higher nutritional quality [2] , the ability to regulate serum cholesterol levels [3] and reduce food intake by increasing the circulation of cholecystokinin levels [4] . Moreover, potato proteins have satisfactory functional properties such as good solubility, significant foaming, and emulsifying properties [1, 5] . Therefore, the potato protein concentrates can be an interesting commodity potentially usable not only in the feed industry as well as in biotechnological applications, but also in the food industry, e.g. using as a fining agent for wine, a foaming agent instead of egg white protein, and an emulsifier to stabilize the oil-water system [6] [7] [8] [9] [10] [11] [12] .
Potato fruit juice (PFJ) is an aqueous by-product of the potato starch industry. PFJ contains most of the tuber protein released after grinding of potato tubers in a rasping machine. One thousand kilograms of potatoes release 5-12 m 3 of PFJ [5] . PFJ contains 2-5% dry matter, of which one third is protein, peptides, and amino acids/amines [13] . Therefore, lots of research studies have focused on the extraction of potato proteins from PFJ.
Functional properties of food proteins that are of importance in food processing include solubility, foaming, and emulsifying properties [14] . It is reported that the variation in the functional properties of proteins is associated with their structure [14, 15] . Proteins with a native structure is essential in food processing because of their satisfactory functional properties [15] . Studies conducted on the functional properties of potato proteins extracted using different techniques in the last few years have shown that their functional properties can vary [1, 11, 12] . Hence, selection of the appropriate technology and conditions for protein extraction with a native structure is essential in food processing. To recover protein from PFJ without affecting their functional properties is challenging because of the aqueous nature of PFJ and its complex composition. The most common system of protein recovery from industrial PFJ includes heat coagulation and acid precipitation. Although thermal/ acidic precipitation results in a high yield of protein recovery, it often leads to complete loss of the protein functionality, which limits their application only to animal feed and low-quality fertilizers [16] . Lots of recovery techniques have been explored for the recovery of native protein isolation, including salt precipitation [6] , organic solvent precipitation [6, 17] , carboxymethyl cellulose (CMC) complexation [7] , chromatographic techniques [8, 9] , ultrafiltration, [10] and the combination of the methods above.
Isoelectric precipitation (IEP) has been previously described as a common and traditional technique for recovery of proteins due to its easy operating, high recovery rate and suitable for large-scale production. Ammonium sulfate precipitation (ASP) is one of the most promising techniques for isolation of high yield of non-denatured proteins with high purity. There have been some reports on the potato protein concentrates extracted from PFJ, but limited information is available on the comparative study of the physico-chemical, functional and nutritional properties of potato protein concentrates extracted by ASP and IEP.
Therefore, this study seeks to compare the physico-chemical and functional properties of potato protein concentrates extracted by ASP and IEP. Besides, the amino acid composition and the effect of different NaCl concentrations and pH values on the physico-chemical and functional properties including solubility, emulsifying properties, foaming properties and thermal properties of the potato protein concentrates extracted by ASP and IEP will also be investigated in order to provide some theoretical basis for the application of potato protein concentrates.
Materials and methods

Materials
Fresh potatoes (cultivar: Atlantic) were kindly provided by the institute of Vegetables and Flowers, Chinese Academy of Agricultural Science. Coomassie Brilliant Blue G-250, ColorBurst Electrophoresis Marker and Folin-Ciocalteu reagent purchased from Sigma Chemical Co. (St-Louis, MO). All the other chemical reagents for chemical analysis were of analytical grade purchased from Sinopharm Chemical Teagent Beijing Co., Ltd.
Preparation of potato protein concentrates
Preparation of potato fruit juice Potato fruit juice (PFJ) was prepared according to the method reported by Van Koningsveld et al. [18] with slight modification. Briefly, peeled potatoes were washed thoroughly with water and cut into pieces which were immediately dipped into a 20 mg/mL solution of sodium bisulfite to prevent enzymatic browning. The potato pieces were ground in a domestic type juice extractor. The resulting turbid juice was allowed to settle for 15 min. Then, the liquid was decanted and centrifuged (15 min, 3000 g, 10°C) and the supernatant filtered through a medium speed quantitative filter paper with the pore diameter of 30~50 mm (Hangzhou Special Paper Co., Ltd, China). The resulting clear yellowish filtrate which had a pH of 5.7-6.0, was known to be comparable to industrial PFJ.
Ammonium sulfate precipitation (ASP) was performed according to the method reported by Waglay et al. [19] with slight modification. Briefly, potato protein concentrate extracted by ASP (ASPP) was prepared from PFJ by adding ammonium sulfate ((NH 4 ) 2 SO 4 ) to 60% saturation. After incubation for one hour at 4°C, the suspension was centrifuged at 3000 g and 4°C for 30 min. The resulting precipitate was washed twice with half the starting volume of 50 mM sodium phosphate buffer (pH 7.0) that contained (NH 4 ) 2 SO 4 up to 60% saturation. Subsequently, the precipitate was suspended in distilled water and ultrafiltrated through regenerated cellulose filters with a molecular weight cut-off (MWCO) of 10 kDa. The retentate protein solution was freeze-dried and stored at −20°C for further use.
Isoelectric precipitation (IEP) was performed by adjusting the pH of PFJ to 4.0 with 1.0 M hydrochloric acid (HCl). Suspensions were then centrifuged for 40 min at 3000 g and 4°C. The recovered precipitation was suspended in water and the pH of the suspension was adjusted to 8.0 with 1 M sodium hydroxide (NaOH) to dissolve the potato protein [20, 21] . The alkaline solution was centrifuged for 40 min at 3000 g and 4°C, the supernatant was collected and ultrafiltrated through regenerated cellulose filters with a MWCO of 10 kDa at ice-bath. The retentate protein solution was freeze-dried and stored at −20°C for further use.
Composition of potato protein concentrates
The composition of IEPP and ASPP was determined according to the methods as follows: Moisture content of was determined by drying the samples in an oven at 105°C overnight till the weight of the sample constant [22] . Crude protein content was determined by the manual Kjeldah method, and the total nitrogen was converted to protein by using a factor of 6.25 [23] . Crude fat was determined by the Soxhlet extraction method [22] . The ash content was determined by putting the sample after carbonization to muffle for 8 h at 550°C [22] . The starch content was determined using a Total Starch Assay Kit [22] .
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE was performed according to Laemmli [24] . A 40 μL sample solution was mixed with 10 μL of sample buffer. 5% and 12% acrylamide was used in the stacking and separation gels, respectively. Reduction of disulfide bonds was performed by adding 2-mercaptoethanol (5%, v/v) and heating at 100°C for 3 min. The electrophoresis was conducted at a constant current of 20 mA. The protein bands were visualized by Coomassie Brilliant Blue staining. The molecular mass of proteins was estimated using ColorBurst Electrophoresis Marker. Gel Imaging System Fluor Chem FC2 (Alpha, USA) was used to analyze the SDS-PAGE graph.
Color measurements
The visual appearance of ASPP and IEPP was measured using chroma meter CR-400 (Konica Minolta, Japan). Differences in color were expressed by means of the L*, a*, and b* values of the CIELab color space. The L* values range from 0 to +100, and represent black and white, respectively. The negative and positive a* values represent green and red, respectively. The negative and positive b* values represent blue and yellow, respectively.
Total polyphenol content
The total polyphenol content of IEPP and ASPP was determined according to the Folin-Ciocalteu method described by Velioglu et al. [25] with slight modification. The samples were vigorously mixed with 20 times its equivalent volume of 80% ethanol. The mixture was extracted by ultrasonic wave at 50°C with the power of 59 Hz for 30 min. The extract was then centrifuged at 7000 g for 15 min, and the clear supernatants were obtained. 1.0 mL of 0.2 N Folin-Ciocalteu reagent was added to 500 μL of the supernatant, followed by the addition of 2.0 mL of 10% (w/v) sodium carbonate after about 30 min at 30°C. The mixture was incubated at 30°C for 30 min and the absorbance was measured at 736 nm using a UV spectrophotometer (UV-1101 Techcomp, China). 80% methanol and 1% HCl in place of protein sample was used as blank. 3-caffeoylquinic acid (3-CAE) standards of 0.05-0.3 mg/ mL were used for the calibration curve (R 2 = 0.996). The total polyphenol content of the protein sample was expressed as mg 3-caffeoylquinic acid equivalent (CAE) per gram dry weight (mg CAE/g DW). The experiment was conducted in triplicate.
Functional properties
Solubility Samples were solubilized in deionized water and the pH was adjusted from 1.0 to 10.0 with 0.1 M HCl and 0.1 M NaOH; deionized water was added to reach the exact concentration of 10 mg/mL. Samples were then centrifuged for 15 min at 3000 g until clear supernatants were obtained. The protein content of the obtained supernatants was analyzed in duplicate according to Lowry et al. [26] .
Emulsifying properties
Emulsifying properties were studied according to Pearce and Kinsella [27] and Cameron et al. [28] with some modification. 2.5 mL of corn oil was added to 7.5 mL of protein solution (1%, w/w). Effects of pH on emulsifying properties were evaluated by prepared 7.5 mL of protein solutions in 0.05 M phosphate buffer (disodium hydrogen phosphate-citric acid) with different pH (3.0, 5.0, 7.0, and 8.0). To study effects of salt on emulsifying, 7.5 mL of protein solutions were prepared in different salt solutions (0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 M NaCl concentration). Mixtures were homogenized at 10000 rpm for 1 min with a mechanical blender (FJ-200). An aliquot of 20 μL of the freshly prepared emulsion was taken from the bottom of the test tube immediately after homogenization and diluted with 5 mL of 0.1% SDS solution. After vortexing, the absorbance of the dilution was measured at 500 nm. Emulsifying activity index (EAI) and emulsifying stability index (ESI) were calculated as described in Pearce and Kinsella [27] . All analysis was conducted in triplicate.
Foaming properties
To produce the foam, 0.5 g of the samples were placed into a 15 mL centrifuge tube with 10 mL of different NaCl concentration solutions (0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 M) or 0.05 M disodium hydrogen phosphate-citric acid buffer (pH 3.0, 5.0, 7.0, and 8.0) to study effects of salt (NaCl) and pH on foaming. The resulting solutions were whipped with a mechanical blender (FJ-200) for 2 min at 8000 rpm. The formed foam was set for certain minutes. Foaming ability and foaming stability were calculated as the following equations:
where V1 (mL) is the volume of the foam formed through homogeneous, and Vt (mL) is the volume of the foam after certain minutes, therein t = 30, 60, 90 min.
Differential scanning calorimetry (DSC)
The thermal properties of protein concentrates were determined by differential scanning calorimetry (DSC) (Q200 TA Instruments, New Castle, DE, USA) according to the procedure of Meng and Ma [29] with some modification. Approximately 2.0 mg of protein concentrates were mixed with 10 μL of 0.05 M phosphate buffer (pH 3.0, 5.0, 7.0 and 8.0) or different NaCl concentration solutions (0.0 0.2, 0.4, 0.6, 0.8 and 1.0 M) and then sealed in aluminum pans. The pans were scanned from 20°C to 95°C at a rate of 5°C/min. A sealed empty pan was used as a reference. The peak denaturation temperature (T p ) and enthalpies of denaturation (ΔH) were recorded. Each sample was repeated three times and data were presented as means ± SD.
Determination of amino acid composition
Amino acid composition was determined after hydrolysis of ASPP and IEPP using 6 M HCl in a microwave oven (acid hydrolysis for 40 min at 150°C; oxidative hydrolysis for 40 min at 140°C) followed by separation of the amino acids by ion-exchange chromatography (column AminoPac PA1, Dionex, ThermoScientific, Sunnyvale, CA, USA) on HPLC system (Dionex DX-600, Dionex, ThermoScientific, Sunnyvale, CA, USA) using ninhydrin post-column derivatization. Initial oxidation to methionine sulfone and cysteic acid was carried out with a performic acid/phenol mixture before hydrolysis for determination of tuber protein quality. Two different standards, amino acid composition appropriate for an adult human and whole egg protein [30] were used for EAAI estimation (EAAI adult and EAAI egg , respectively). The recommended levels of exogenous amino acids were as follows: Val 5 g/100 g pro, Met+ Cys 3.5 g/100 g pro, Ile 4 g/100 g pro, Leu 7 g/100 g pro, Phe + Tyr 6 g/100 g pro, Lys 5.5 g/100 g pro, and Trp 1 g/100 g pro for adult human standard; Val 6.6 g/100 g pro, Met+ Cys 5.7 g/100 g pro, Ile 5.4 g/100 g pro, Leu 8.6 g/100 g pro, Phe + Tyr 9.3 g/100 g pro, and Lys 7.0 g/100 g pro for whole egg protein standard. EAAI was calculated according to the method of Oser [31] .
where n is the number of participating amino acids and ns is the number of corresponding amino acids in standard.
Data analysis
Statistical analyses were performed using the Statistical Analysis System version 9.2 software (SAS Institute Inc., Cary, NC, USA). A significance level of p<0.05 was considered statistically significant.
Results and discussion
Proximate composition Table 1 shows the proximate composition of IEPP and ASPP. IEPP contained 85.80% (w/w) total protein, which was slightly higher than ASPP (83.20%, w/w). The starch and fat contents of ASPP were a little higher than those of IEPP. Since the largest mass of the potato proteins have a isoelectric point (pI) at acidic pH, precipitation of potato proteins at low pH has frequently been described using various acids [17, 32] . However, for IEPP, after proteins were precipitated by adding acid until the pI (pH 2.5-5.0), the precipitated proteins were then resolved in alkaline (pH 8.0-10.0) and the insoluble matter was removed by centrifugation. Different from isoelectric precipitation, the hydrophobic interactions responsible for precipitating proteins out of solution when using (NH 4 ) 2 SO 4 is achieved with its dissociation to its ionic substances, which results in an increase at the protein's surface. This surface tension leads to a decrease in hydrogen bonding between the water molecules and the protein thereby promoting precipitation [19] . Therefore, the difference of proximate composition between ASPP and IEPP might be due to the different processing conditions and precipitation mechanisms.
SDS-PAGE
As can be seen from the SDS-PAGE analysis (Fig. 1 different protease inhibitors, protein bands with MW of 87 and 129 kDa corresponded to other proteins. Not only the difference existed in the fractions of IEPP and ASPP, but also presented in the content of different fractions. The patatin and protease inhibitors were higher in ASPP than IEPP, especially the protein with MW 20 kDa (one kind of protease inhibitors). This could be attributed that using (NH 4 ) 2 SO 4 resulted mainly in the precipitation of resoluble patatin, while the group of protease inhibitors was eliminated during precipitation. These results were consistent with Waglay et al., [19] which found a higher relative protein proportion of patatin and the proteins with MW 15-20 kDa in (NH 4 ) 2 SO 4 precipitation (36.5% and 20.8%, respectively) than acidic precipitation (11.1% and 15.3%, respectively).
Color measurement and total polyphenol content
The color intensities (L*, a*, b*) of ASPP and IEPP are shown in Table 2 . ASPP appeared brighter than IEPP for the L* value of ASPP (60.20 ± 0.02) was higher than that of IEPP (56.60 ± 0.01). The a* and b* value of IEPP was lower than ASPP, suggesting that ASPP is more reddish and yellow dish than IEPP. The total polyphenol content of IEPP was 2.5 times of that of ASPP. PFJ contains several non-protein components, of which the polyphenol compounds, mainly chlorogenic acid and caffeic acid [34] . Straetkvern and Schwarz [8] and Løkra et al. [9] suggested that colored pigments in potato and fruits commonly arise from the oxidation of polyphenols and the low content of polyphenols contribute to high brightness values. Therefore, the lower content of total polyphenol in ASPP resulted in the brighter color than IEPP.
Functional properties
Protein solubility To provide useful information toward effective utilization of potato proteins in various food applications, the solubility of the concentrates was investigated at pH ranging from 2.0 to 10.0 and NaCl concentration ranging from 0.0 to 1.0 M (Fig. 2) . Overall, the solubility of ASPP is higher than IEPP in the range of pH and NaCl concentrations. Figure 2A shows that along with the increasing concentration of NaCl (from 0.0 to 1.0 M), the protein solubility of ASPP increased from 56.13% to 75.69% whereas the protein solubility of IEPP increased from 50.51% to 63.07% and fell to 58.07%. As can be seen from Fig. 2B , the lowest solubility of ASPP and IEPP was observed at pH 4.0 (32.28% and 7.01% respectively), and the solubility increased quickly when pH ＞ 6.0. Increasing the pH to 7.0 resulted in an increase in the protein solubility of ASPP and IEPP (from 32.28% and 7.01% at pH 4.0-81.64% and 69.52% at pH 7.0, respectively) significantly.
Studies conducted by other researchers also showed the solubility of protein isolates from potato to be lowest at pH 4-6 and highest at pH 8-9 [19, 32] . The little difference in pI could be due to the conformational changes, cross-linking, and changes in the net charge of proteins. However, the significant lower solubility of IEPP than ASPP could be due to the heavier loss of physico-chemical properties of IEPP. High ionic strength of (NH 4 ) 2 SO 4 can preserve the conformation of the patatin and protease inhibitors [18] , resulting in higher protein solubility of ASPP than IEPP. In addition, the polyphenols are considered to be responsible for a decrease in protein solubility during protein recovery. Polyphenols may interact covalently or non-covalently with proteins and both ways can lead to precipitation of proteins [35] . The higher polyphenol contents in IEPP could partially explained the lower protein solubility of IEPP than that of ASPP. What's more, IEPP tends to salting out at high NaCl concentration (1.0 M), which could be attributed to the increase of the ionic strength increased the binding strength between polyphenols and proteins. The aggregation of polyphenols and proteins could decrease the protein solubility significantly [36] .
Emulsifying properties
Emulsifying properties of food proteins can be described by the emulsifying activity (EAI) and emulsifying stability (ESI) indices. Figure 3 shows the effect of pH and NaCl on EAI and ESI. As the NaCl concentration increased, the EAI and ESI of ASPP and IEPP decreased first, then started to increase (Figs. 3A and 3C ). Protein concentrates from sweet potato also presented similar trend [37] . This could be attributed to the low concentration of salt ions reduce the electrostatic repulsion forces that help to form and maintain emulsion, while along with the increasing concentration of salt ions the electrostatic repulsion forces decreases [37] . Figures 3B and 3D show that ASPP and IEPP stabilized emulsions presented higher EAI at neutral and alkaline pH (7.0 and 8.0) than that at the proximity of its pI (pH 3.0 and 5.0). This could be attributed solely to the electrostatic effect. The surface charge concentration of protein molecules is the lowest at their pI and hence maintaining the pH of the protein dispersion at about their pI favors the aggregation of protein molecules due to the absence of the repulsive electrostatic forces [1, 38] . It is worth noting that the ESI of IEPP was similar to or higher than ASPP, indicating that a certain degree of denaturation of potato protein contribute to stabilizing emulsions.
Foaming properties
The ability to form and stabilize foams is considered an important functional property of food proteins, which is exploited in several food products. The effect of salt concentration and pH on the ability and stability of foam whipped from ASPP and IEPP are presented in Fig. 4 and Table 3 . For ASPP, the foaming ability was increased from 75.2% to 200.0% with increasing NaCl concentration (Fig. 4A) . While for IEPP, the foaming ability was increased from 57.0% to 122.0% when NaCl concentration increased from 0.0 to 0.8 M (Fig. 4B ). As can be seen from Table 3A , the foaming stability of ASPP and IEPP reached the maximum at 1.0 M and 0.8 M NaCl concentration 90 min after homogenization, respectively, indicating that the foams produced were more stable as the concentration of added salt (NaCl) increased. Especially at 1.0 M NaCl concentration, there was no decrease in the foaming stability for both ASPP and IEPP along with the time extension. Addition of NaCl improved foaming ability and stability could be due to the higher protein solubility of vegetable proteins in salt solutions [39] . Foaming properties of ASPP and IEPP were pH-dependent ( Fig. 4B and Table 3B ). ASPP and IEPP presented the highest foaming ability at pH 8.0 and the lowest foaming ability at pH 5.0. The improved foaming abilities at the pH far away from pI could be explained by the higher solubility of the potato protein. According to Table 3B , the foaming stability of ASPP was quite different from IEPP. ASPP presented the highest foaming stability along with the time extension (from 30 to 90 min after homogenization) and achieved maximum 90 min after homogenization at pH 5.0. While for IEPP, the foaming stability achieved minimum at pH 5.0. Foaming stability of some proteins is expected to be markedly improved in the neighborhood of their pI, where the decrease in electrostatic repulsion promotes the formation of a network structure in the protein film. However, some proteins tend to precipitate in the neighborhood of the pI and hence stability is decreased considerably [11] . Therefore, the discrepancy of foaming stability between ASPP and IEPP could be explained like this: at pH near pI (pH 5.0), the solubility of IEPP was too low to stabilize the foam, while that of ASPP was higher and the decrease of electrostatic repulsion facilitates the stability of the foams. 
Thermal properties
Thermal properties of ASPP and IEPP for the peak denaturation temperature (T p ) and enthalpy of denaturation (ΔH) can be determined directly by DSC. The effect of pH and NaCl concentration on the thermal properties of ASPP and IEPP are presented in Fig. 5 . The major endothermic peaks with T p of 55-75°C are consistent with previous reports [18] . The endothermic peak of ASPP appeared significantly different from IEPP. ASPP showed two endothermic peaks at pH 3.0, 8.0, and higher NaCl concentration (≥0.6 M), while IEPP showed at least two endothermic peaks at all NaCl concentration and pH range. The enthalpy of denaturation (ΔH) of ASPP was higher than IEPP (data were not provided), suggesting that the denaturation of ASPP absorbed more heat than IEPP. As can be seen from Figs. 5A and 5C, on the increasing NaCl concentration, an obvious increase of T p of ASPP and IEPP took place (from 68.94°C to 69.44°C and 67.34°C to 68.27°C, respectively), while the enthalpy of denaturation (ΔH) increased significantly from 8.19 J/g to 13.63 J/g and 1.17 J/ g to 3.02 J/g, respectively (data was not shown). This result suggests that the NaCl solution (<1.0 M concentrations) could stabilize the potato protein conformation. The stabilizing effect of NaCl solution was attributed to the induction of alteration of water structure around the protein, which enhanced the hydration of the protein molecules [40] . Similar results were also reported on red bean globulin by Meng and Ma [23] . ASPP and IEPP displayed highest ΔH (13.16 J/g and 1.05 J/g, respectively) at pH 5.0, suggesting more heat required for complete denaturation. Similar observations on the effect of pH have been made on other plant proteins such as fababean protein and oat globulin [41, 42] . Most proteins are stable over a specific pH range, normally near the pI, when the repulsive forces are quite low and therefore the proteins remain in a native state [43] .
Amino acid composition Table 4 shows the amino acid composition of ASPP and IEPP. 17 amino acids were determined in potato proteins, including 10 of essential amino acids and 7 of non-essential amino acids. As can be seen from Table 4 , high levels of aspartic acid, glutamic acid, leucine, lysine, phenylalanine, valine, and threonine were observed (5-12%), which play important roles in protein quality. Lysine is often presented as the first and threonine as the second limiting amino acid in wheat, barley and rye [44] . Therefore, ASPP and IEPP could be recommended as a supplement to cereal proteins. Alanine, serine, proline, arginine, isoleucine, tyrosine, and glycine presented in lower but significant levels (4-8%). Cysteine, methionine, and histidine stated small share in ASPP and IEPP (<3%). The concentration of glutamic acid and aspartic acid was the highest for IEPP and ASPP, respectively, while histidine was the lowest for both. The differences between the results we observed and previous works [6, 45] could be attributed to the research materials and potato species.
The mean nutritional value of ASPP and IEPP was calculated as essential amino acid index (EAAI) related to whole-egg and adult standard (EAAI egg and EAAI adult ). Although the essential amino acid/amino acid ratio (EAA/AA) of ASPP (41.69%) was a little lower than IEPP (42.91%), the EAAI egg and EAAI adult of ASPP were significantly higher than IEPP, indicating the better nutritional value of ASPP than IEPP.
Conclusion
Protein concentrates with acceptable functional and physico-chemical properties and nutritional quality might be extracted from industrial potato fruit juice using ASP and IEP. At pH close to pI, ASPP and IEPP showed very different behavior compared to other pH values, such as the lowest solubility, emulsifying ability, foaming ability and the highest denaturation temperature. Along with the increasing NaCl concentration, the solubility, emulsifying properties, foaming properties and denaturation temperature all increased obviously. However, not only some functional and physicochemical properties of ASPP were more preference than IEPP, but also the nutritional value of ASPP was better than IEPP according to the amino acid composition. This comprehensive comparison study will help with the improvement of the extraction of minimally-modified proteins from PFJ and contribute to the conversion of this by-product into value-added ingredients. While on the basis of different physico-chemical, functional, and nutritional value of ASPP and IEPP, further research studies are needed to apply ASPP or IEPP into food processing.
